The overall large ionic character of MgH 2 is reduced by inserting light elements from the first period, B and C, using 
Introduction
Metallic magnesium is a good candidate for the hydrogen storage. It can be assigned one of the largest gravimetric densities (7.6 wt. %) owing to its light molecular weight of 24.3 g/mol. The reaction of Mg with hydrogen giving MgH 2 is strongly exothermic and very slow, whence the stability of the hydride resulting in a strong Mg-H chemical bond.
This makes difficult the direct use of MgH 2 in devices. Introducing nickel leads to materials with reversible hydrogen adsorption ability such as in Mg 2 NiH 4 [1, 2] . Ball milling of MgH 2 with carbon nanotubes leading to composites was shown to improve hydrogen absorption/desorption kinetics [3] . Recently the hydriding of magnesium mixed with graphite by ball milling was shown by us to be enhanced with best properties obtained at 150°C; however a major role was assigned to the solvent [4] . Neither experimental works reported on possible presence of carbon within the lattice.
Nevertheless the insertion of carbon or light elements of the first period into MgH 2 
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should not change much the large gravimetric density necessary for applications, while modifying the electronic structure such as the cohesive energy and the charge on hydrogen, and therefore the absorption/desorption capacity. We recently showed that the large ionic character of hydrogen in ionic hydrides is strongly reduced by selective substitutions of Mg by Ni [5] .
The aim of this work is to investigate the effects of insertion of light elements such as carbon and boron into MgH 2 , as based on computations within the quantum theoretical density functional DFT framework [6, 7] .
Calculation methodology
The Vienna ab initio simulation package (VASP) code [8, 9] allows geometry optimization and total energy calculations. For this we use the projector augmented wave (PAW) method [9, 10] , built within the generalized gradient approximation (GGA) scheme following Perdew, Burke and Ernzerhof (PBE) [11] and accounting for the valence electrons. Test calculations with PAW-GGA potentials built with including semi-core Mg-2p states led to less agreement with experiment for V(MgH 2 ) = 57.1 Å 3 as well as less stability (E TOT. = -17.55 eV) as compared to the values in Table 1 on one hand and to poor convergence of the calculations for small doping concentrations of B/C on the other hand. Also preliminary calculations with local density approximation PAW-LDA [12] led to an underestimated volume versus the experiment: V LDA (MgH 2 ) = 55.6 Å 3 versus V GGA (MgH 2 ) = 58.2 Å 3 . The conjugate-gradient algorithm [13] was used in the computational scheme to relax the atoms. The tetrahedron method with Blöchl corrections [10] as well as a Methfessel-Paxton [14] scheme were applied for both geometry relaxation and total energy calculations. Brillouin-zone (BZ) integrals were approximated using the special k-point sampling. The optimization of the structural parameters was performed until the forces on the atoms were less than 0.02 eV/Å and all stress components less than 0.003 eV/Å 3 . The calculations are converged at an energy cut-off of 400 eV for the plane-wave basis set with respect to the k-point integration with a starting mesh of 4×4×4 up to 8×8×8 for best convergence and relaxation to zero strains.
From the calculations, illustration for the electron localization is accessed from the ELF function introduced by Becke and Edgecombe [15] obtained from real space calculations: ELF = (1+ χ σ ²)(zero localization) and 1 (strong localization) with the value of ½ corresponding to a free electron gas behavior. In this expression the ratio
ρ σ 5/3 correspond respectively to a measure of Pauli repulsion (D σ ) of the actual system and to is the free electron gas repulsion (D σ°) and τ σ is the kinetic energy density. ELF are plotted using a small program "vaspview.exe" operating on Linux or windows, freely available from the web.
Also an analysis of the charge density is done with the approach of "atoms in molecules and crystals" (AIM) introduced by Bader [16] who developed an intuitive way of dividing molecules into atoms as based purely on the electronic charge density. For each atom in the compound, Bader considers it as surrounded by a surface running through minima of the charge density. Then the total charge of an atom is determined by integration within the Bader region. Such an analysis can be useful when trends between similar compounds are examined; they do not constitute a tool for evaluating absolute ionizations. This is the case of the presently studied compounds where we evaluate the changes in total charge on H comparatively.
Calculations and results

3.1-Crystal structure and geometry optimizations.
For the insertion of carbon and boron, the trirutile structure is a good choice as a host superstructure of MgH 2 . It has the same tetragonal symmetry as simple rutile with P4 2 /mnm space group with six formula units (fu) per cell ( Table 1 , first two columns), on one hand, and on the other hand the insertion can be done selectively to affect one of the three Mg sites, namely Mg1 and its neighboring H1 whereas Mg2 and its neighboring H2 are less subjected to direct effects of carbon or boron as shown in Fig. 1 . These effects will be made explicit from the charge densities and the ELF plots in following sections. Nevertheless the full geometry relaxation keeps the tetragonal structure within the 
3.3-Assessing the changes of the iono-covalent character
These results can be further assessed and illustrated using a charge analysis within
Bader atom in molecule AIM theory [16] . Bader's analysis is done using a fast algorithm operating on a charge density grid. The program [19] reads in charge densities and outputs the total charge associated with each atom. The CHGCAR density file is obtained with high precision calculations within VASP with the conditions described in Section 2. The large ionic character of MgH 2 is confirmed from calculations leading to a scattering of charge values on hydrogen according to the method and approximations in use. Using semi-core states in the PAW construction in test calculations we actually get a charge of -0.83 also obtained by [20] in studying MgH 2 nano-wires, while potentials with valence electrons lead to higher ionic character with a total charge on hydrogen close to ~ -0.97 as shown in Table 1 Fig. 2 shows the ELF slices at horizontal planes crossing Mg2,H2 (Fig. 2a) and Mg1,H1
3.4-Electron localization function maps and electronic density of states
( Fig. 2b) respectively. The ionic like behavior close to that of MgH 2 is observed in 
Conclusion
From ab initio calculations, chemical modification of MgH 2 by inserting light elements such as carbon or boron has been shown to lead to an iono-covalent behavior of hydrogen and to destabilizing the largely cohesive ionic MgH 2 . This is likely to lead to improved desorption capacity. Comparatively, boron was shown to be highly destabilizing to the lattice versus carbon. This trend is kept with decreasing amounts of inserted element. This bottom-up approach should help further experimental works.
The investigations will be extended to the dynamic study of carbon diffusion into MgH 2 .
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One possibility for investigating the subsequent change of H desorption can be approached following a methodology similar to the study of the water absorption on silica surfaces using classical molecular dynamics [21] . The studies are underway.
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